Abstract This study represents the first assessment and evaluation of age, growth, mortality and sexual maturity for Parupeneus forsskali in order to support the development of effective management plans. Samples were collected from the commercial landings in Hurghada fishing port, between May 2010 and June 2011. Age was determined for 456 samples using otoliths, scales and length frequency analysis. Growth parameters were estimated by applying the von Bertalanffy growth function. The asymptotic length (L 1 ), the growth rate (K) and (t 0 ) were estimated as 30.0 cm; 0.38 year À1 and À0.434 year respectively. The annual total mortality (Z), natural mortality (M) and fishing mortality (F) were estimated at 2.76/year, 0.9/year and 1.86/year. It is shown that the resource of P. forsskali in the Red Sea is overfished, since the present (F) was greater than the target biological reference points (F opt = 0.43 and F limit = 0.57) and the exploitation ratio (E) 0.67 was intensively over than the predicted value (E 0.5 = 0.34 and E max = 0.58).
Introduction
Goatfish, of the family Mullidae are widely distributed throughout the Pacific and Indo-Pacific regions. Goatfish has three common genera, that exists in Hurghada, Red Sea. They are Upeneus, Parupeneus and Mulloidichthys, (Kuronuma and Abe, 1986) . Goatfishes are an important component of demersal fish assemblages and artisanal fisheries that are established around coral reefs in shallow water of the Red Sea (Kumaran and Randall, 1984) . Goat fishes are considered to be the most economically and commercially important species inhabiting the northern Egyptian Red Sea sector. The total catch of family Mullidae in Hurghada area was 443 ton during the study period (GAFRD, 2012) . There was no separated catch statistics reported for Parupeneus forsskali, hence the catch is recorded as a family, without separation into different species. There is shortage of information on fisheries biology and population dynamics of the Red Sea goat fish P. forsskali. It is the most dominant goatfish endemic to the north of the Red Sea. It reaches a maximum length of 28 cm. It's a migrant species that moves from the Red Sea to Mediterranean through Suez Canal. It is now found in the Eastern Mediterranean (Bariche et al., 2013) . P. forsskali is characterized by a broad black stripe from the side of the upper lip through the eye along the upper side of the body, that end beneath posterior part of the second dorsal fin (Bouhlel, 1988 and Randall, 2004) . P. forsskali is different from the Red Sea Parupeneus macronema (Lace´pe`de, 1801) since it misses a black broad band at the second dorsal fin base and has smaller barbells (Randall, 2004; Randall and Heemstra, 2009) .
Despite the commercial and economic importance of Red Sea goatfish, no research was done dealing with age, growth and population dynamics of P. forsskali around the world. There are only a very few attempts of recent studies that deal with the Lessepsian migration (Bariche et al., 2013; Fricke, 2012) , classification (Randall, 2004; Sonin et al., 2013) , distribution and abundance (Sarhan et al., 2014) .
The present study is considered to be the first to provide clear information on the fisheries biology of this species. It is to serve and support the effective management plans of the most common Red Sea goatfish P. forsskali in Hurghada's fishing area in Egypt.
Materials

Sampling area
Fish samples were collected randomly from traditional launches operating in the Egyptian Red Sea sector that had landed in Hurghada's fishing port in the period between, May 2010 and June 2011. Hurghada lies at the northern part of the Red Sea coast between latitudes 27°10 0 N-27°33 0 N and longitudes 33°70 0 E-33°85 0 E (Map 1). Fishing operations in this area are conducted with artisanal long line, gillnets and trammel nets at depth of about 1-10 m. A gillnet seems to look like a trammel net. However, a gillnet has a single piece of mesh while, the trammel net has three pieces of mesh, one middle of small mesh size and two sides of larger mesh sizes. Nets consisting of chains usually composed of 10-40 nets, but may also be longer. Each one is usually around 25 m long, with a mesh size ranging from 2 to 3 cm.
Methodology
Data analysis
Fish total length (TL), fork length (FL) and standard length (SL) were measured to the nearest mm and, also weighed (Wt) to the closest g for 456 fish samples. Samples of P. forsskali were dissected and gonads were examined in order to determine their sex and maturity stages.
Length-weight and length-length relationship
The relationship between length and weight was estimated according to (Ricker, 1975) : W = a L b where, (a) and (b) are constant indicating the body form and the fish growth type. Moreover the length-length relations were done using the linear regression between TL, FL and SL, besides the relationship between depth (D) and girth (G) of all fish samples. The correlation coefficient (r) was indicated as the goodness of the regression. Covariance analysis was performed to test the significant differences in both slope and intercept. The descriptive statistical analyses were considered at implication degree of 5% (P < 0.05) and were done with the help of Microsoft Office Excel 2007 software.
Age and growth
Scales and otoliths of 456 fish were cleaned, dried and put in seed envelopes for age determination. Aging by otolith and scales was validated by analyzing the length frequency data, since it is the first time to determine the age and growth of P. forsskali. Growth parameters were performed through a non-linear least squares technique (Prager et al., 1989) . The mean square error was used as an index to calculate the quality of fit. Length frequency data were analyzed by using the befitting computing of the FISAT II program (Gayanilo et al., 1998) . The length frequency composition was separated into its component distributions according to the method of Bhattacharya (1967) . The von Bertalanffy (1938) growth equation was applied to the length frequency data to estimate the growth parameters. The mathematical lengths based on von Bertalanffy's growth equation were given in Sparre and Venema (1998) as follows:
Àk (tÀt0) ). Where, L t is the length at age t, L 1 is the asymptotic length, k is the growth coefficient, and t 0 is the hypothetical age when the length of fish is zero. (t 0 ) was estimated by using Pauly's (1980a) equation as: log (Àt 0 ) = À0.3922-0.275 log L 1 À1.038 k.
Mortality rates
Jones and van Zalinge's (1981) method was applied to investigate the annual instantaneous total mortality (Z) using the cumulated catch curve of the length composition information as follows:
, where ln (Cn) is the cumulative frequency. A linear regression between ln (Cn) and ln (L 1 À L) was done and the slope = Z. Pauly's (1980) equation was used to calculate the natural mortality (M). Pauly's equation depended on the annual mean sea surface temperature of the fishing area, that equal to 25°C. The fishing mortality (F) was expressed as F = Z À M and the exploitation rate (E) was estimated as F/Z according to (Gulland, 1971) . The fishery resource status was assessed according to Patterson (1992) by the comparability of the current fishing mortality rate with the optimum or the target (F opt ) and limit (F limit ) biological reference points (BRP) which were delineated as: F opt = 0.5 M and F limit = 2/3 M.
Length at first capture and length at first maturity Length at first capture (L c ) was computed by L c = 40% L max (Beverton and Holt, 1964) , where L max is the maximum length in the sample. The mean length at first sexual maturity (L 50 ) was determined for both sexes by analyzing the maturation curve between mature and immature fish at 1-cm interval. The mean length at first sexual maturity was evaluated as the length at which 50% of individuals were mature and 50% were immature.
Stock assessment
Relative yield per recruit (Y 0 /R) and relative biomass per recruit (B 0 /R) were determined by conducting the model of Beverton and Holt (1966) as adopted in Pauly and Soriano (1986) . The relative yield per recruit (Y 0 /R) model was utilized to provide the type of information essential for management (Sparre and Venema, 1998) . The following reference points were used to conclude the fishery stock status of P. forsskali in the Egyptian Red Sea: E 0.1 (exploitation point at which the related increase in yield per recruit reached 1/10 of the related increase computed at a very devalued value of E), E 0.5 (exploitation point that resulted in a devalued of the unexploited biomass by 50%) and E max (exploitation point that gave the highest yield per recruit).
Results and discussion
Length-weight and length-length relationships ) and the growth type of P. forsskali are given in Table 1 for males, females and pooled data. Table 1 indicates that, there was no significant difference in all relationships (0.05 < P 0.334-0.729), with r 2 values being higher than 0.94, allometric growth type and b value ranged from a minimum of 2.75 in females to a maximum of 2.88 in males, with an average value of 2.82 for the combined data. The b value of length weight relationships indicated a negative allometric growth for males, females and combined sexes. Froese et al. (2014) reported the length weight relationship of the genus Parupeneus as a = 0.01047 with a range of (0.00473-0.02317) and b = 3.11 (positive allometric) with a range of (2.94-3.28). The variation in (b) exponents could be related to the differences in the sampling area and the productivity or differences in the sample lengths as well as the seasonal environmental conditions (Le Cren, 1951; Weatherley and Gill, 1987) . The (b) values estimated in this study were within the expected range 2.3-3.5, that was proposed by Bagenal and Tesch (1978) and Koutrakis and Tsikliras (2003) .
Changeover among different length measurements of P. forsskali (relationships between TL, FL, SL, depth (D) and girth (G)) was studied for 456 fish samples. The relationship and the coefficient of determination r 2 are presented in Table 2 and Fig. 1 . It was clear that there were not any statically significant differences between TL with (D & G) and FL with SL relationships (P > 0.05). While the relations between TL-FL; TL-SL and D-G exhibited significant differences (P < 0.05). Relationships were highly correlated r 2 > 0.95.
The L-L relationship estimates for P. forsskali are not available; however there was currently lack in information concerning this species. Therefore, this study is considered to be with highly valuable knowledge for future studies.
Age and growth
256 males and 200 females were studied to recognize the life span of P. forsskali. Statistical analysis of the growth pattern exhibited no significant differences among males and females (0.05 < P = 0.225), therefore aging had been done for pooled data.
Otoliths and scales reading showed 6 age groups from 0 to 5 years with the predominance of age group II by over 40% of the total collected individuals, followed by age group I with 25.2%. This finding may be indicating the extensive consumption and targeting the large size individual's >20 cm of this species. Table 3 showed the mean lengths at different age groups indicated the fast growth increment in the first year of life where the fish attained 53% of its maximum length. A gentle decrease in the growth increment was then indicated with further increase in age.
P. forsskali length's frequency, Fig. 2 was computed by Bhattacharya (1967) as incorporated in FISAT II software. Six components (0-5 years) were identified and were considered as clear age groups. It is clear that there was a good agreement between length at age determined through otoliths, scales and length-based method (p = 0.681) which validates the aging, Table 3 . Age estimation obtained from otoliths, scales and length frequency was similar. The mean length at age was described by the von Bertalanffy equations. The growth parameters were L 1 = 30.0 cm (SE = 0.498), Fisheries biology of the Red Sea goatfish Parupeneus forsskaliK = 0.38 year À1 (SE = 0.025) and t 0 = À0.434 (SE = 0.218). Results recorded in this study could not be compared with previous studies on P. forsskali due to the scarcity of previous studied. Only Murty (2002) studied the growth of P. forsskali in India and computed the growth parameters as L 1 = 27.0 cm and K = 1.2 year À1 . The present study however, could be invaluable to future researchers.
Mortality rates and exploitation ratio
The annual total mortality (Z), Fig. 3 was computed as 2.76 ± 0.15/year (CI: 2.34-3.17and r = 0.99). Natural (M) and fishing (F) mortalities were calculated as 0.9/year and 1.86/year respectively. The annual (F) mortality rate was more altitudinous than the biological reference points derived from Patterson (1992) as follows: (F opt = 0.43 and F limit = 0.57); this, suggests that P. forsskali is over exploited. The exploitation ratio (E) was estimated at 0.67. It was clear that F > M by 51%, where the suitable optimum yield is obtained when F = M and E is 0.50 based on Gulland (1971) . The estimated fishing mortality and exploitation rates are very high and according to Etim et al., 1999 , Z/K ratio %2 indicates over exploitation. In the present study, Z/K ratio was 7.3 which shows a very high exploitation. The reasons for the over exploitation is not far from the fact that P. forsskali is highly market prized as it is used exclusively for some elite ceremonies by the touristic communities in Hurghada (Red Sea hotels and resorts).
Length at first capture and length at first maturity
The length at first capture L c was calculated at 12.0 cm. Fig. 4 shows the mean size at first sexual maturity L 50 which was estimated at 15.38 ± 0.520 cm with SE = .085 and (mini. L: 15 cm & max. L: 16.2), for the pooled data. There were no significant differences among males and females (P = 0.294, they had an equal variance of 15.83). It is clear that L c is smaller than L 50 by about 22.0% mathematically. This means that, the present L c is not the optimum L c for P. forsskali. It must be raised to be around 16.0 cm in order to give chance for the females to spawn at least once in its spawning activity or during its life span. Therefore, the fishing methods adopted in this fishing area should be re-appraised to prevent cropping of small individuals' 616.0 cm.
Stock assessment
Relative yield per recruit was determined by applying the knife-edge method in Beverton and Holt model, Fig. 5 . The optimum exploitation ratio was computed at; E max = 0.583, E 0.5 = 0.342 and E 10 = 0.507. It is obvious the current point of exploitation rate (EÀ0.67) was higher than that gives the utmost relative yield per recruit (E = 0.583) and higher than E 0.5 , that maintained 50% of the spawning stock biomass. To ascertain that at least 50% of the stock can be kept the spawning stock, the current value of exploitation ratio must be decreased from 0.67 to 0.342 %50%. Fisheries biology of the Red Sea goatfish Parupeneus forsskali
